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InTRoduCTIon
The endovascular management of arteriovenous malformations (AVM) dates back to 1960s, when Luessenhop first described angiographic treatment of AVMs by using plastic or steel materials as embolizing agents (13) . Today, the selection of embolizing agent is quite challenging as the number of alternatives increased through years (2). Ethylene Vinyl Alcohol Copolymer (EVOH) and N-Butyl 2-Cyanoacrylate (NBCA) were mainly used for embolization procedures (slow vs. rapid embolizing agents, respectively) former one being more preferred after year 2000 (8, 20) .
The management of AVMs and aneurysms by endovascular techniques is not free of complications. The rates of technical and embolization-related complications have been reported as 6% and 12%, respectively. The technical complications include micro-catheter entrapment and peripheral vessel perforations, whilst, embolization-induced hemorrhage was reported in 4-16% of the cases, leading to disabilities or even death (10, 22) .
There are some previous studies regarding leakage of EVOH-DMSO into subarachnoid space (2). Acute subarachnoid hemorrhage, low-grade microglial encephalitis, inflammatory cell infiltrations, necrosis and perivascular lymphocytes accumulations were among reported complications (3). There are also some reports for the angiotoxic and neurotoxic effects of the solvent DMSO and NBCA. Bakar et al. have studied the effects of embolizing agents, leaking into subarachnoid space and calling attention to the paucity of data in the medical literature about toxic effects of embolizing agents and its components on brain tissue (2).
This study aimed at demonstrating histological and biochemical effects of widely used embolizing agents and its components; NBCA, EVOH and DMSO upon contacting with neural parenchyma.
mATeRIAl and meThodS
This experiment was performed in accordance with the guidelines for the use of laboratory animal subjects in research set by the Ethical Committee of Hacettepe University (04.02.2005\2005\1-1).
Forty-eight domestic male albino rabbits, weighting 4-5 kg were used for the experiment. The animals were randomly allocated into 6 groups (8 animals in each group): All animals were anesthetized with intramuscular injection of ketamine 10% (40mg/kg) and xylazine 2% (5 mg/kg), and kept on spontaneous respiration at room temperature. The animals were placed into prone position and skin incision on the mid-pupillary line was made in frontal area in front of coronal suture. A burr hole was drilled in the frontal bone and after opening the dura, 0.05 cc of each particular substance of the groups was injected slowly by using a delivery syringes into the brain parenchyma (0.5 cm), under direct visualization and withdrawal technique to ensure inadvertent ventricular puncture. The injection site was 1cm in front of the coronal suture and 1cm lateral to the sagittal suture. The control group was also operated, even opening the dura, but without any injections. The rabbits were followed for spontaneous recovery from anesthesia under the blanket.
The rabbits were then moved to their cages where kept at room temperatures and fed ad libitum for 72 hours. Later on, the rabbits were sacrificed with high-dose anesthesia. Then, all animals were exposed to cerebral perfusion by physiological saline solution via the transcardiac route after thoracotomy and they were then decapitated. The cerebral tissues were harvested particularly including 1 cm periphery of the injection sites for histopathological and biochemical examinations ( Figure 1A ). The specimens were stored in 10% buffered formaldehyde solution at room temperature and at −30°C at dry air for particular examinations, respectively.
For Materials Used in this Experiment
EVOH-DMSO solutions contained EVOH as an embolizing agent, DMSO as a solvent for liquid delivery of EVOH and micronized tantalum powder as radiographic viewer. Pure liquid DMSO was approximately 1.10 mg\ml in concentration.
Neurological Evaluation
The rabbits were evaluated for several parameters; infections, ataxia, difficulty in feeding, paresis, opisthotonus, up-ward gaze palsy, aggressive behavior and apathy twice a day.
Specimen Analysis
All specimens were evaluated by an experienced biochemist blinded to the animal groups, solvent, and the embolizing materials. Biochemical analyses were performed by thiobarbituric acid application, and then a 532 nm spectrophotometer (Shimadzu® UV-120-02 spectrophotometer) was used for measuring the lipid peroxidation levels in volumes of nanomoles per gram of wet tissue (14) .
For histological examination, all tissue samples were fixed at 10% buffered formaldehyde and handled according to a routine light microscopic tissue processing technique. Serial sections of 6 μm, stained with hematoxylene-eosin, were examined and photographed by an Olympus BH-2 microscope.
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Each of the three sections was evaluated independently by two histologists blinded to the groups. Any disagreements were resolved by a third experienced histolopathologist. Five random regions were examined at 40X magnification; glial cells, normal-appearing neurons and pyknotic neurons and the inflammatory cells were counted in each section. The results of the two histologists were compared and an average number of cells per 1 mm 2 was determined.
Statistical Analysis
The study results consisted of cell counts for glial cells, neurons and pyknotic neurons and inflammatory cell counts. Data was expressed as mean ± standard deviation for continuous variables and number or percentage of subjects for categorical ones. Continuous variables were compared by Student t-test or the Mann-Whitney rank sum test. Statistical analyses were performed using SPSS software package (SPSS Inc., Chicago, Illinois, USA) version 11.0 for Windows and p < 0.05 was considered statistically significant.
ReSulTS
Neurological Examination
In the experiment, none of the rabbits had infection and up-ward gaze palsy in the postoperative period. The most common neurological findings were ataxia and paresis, observed in 6 and 9 animals, respectively. The paresis was more common in rabbits in the 20% EVOH-DMSO group. Apathy was observed in 3 rabbits, one rabbit each in the EVOH-DMSO groups and one in the DMSO group (Table I) . The neurological findings were not statistically significant.
Histopathological Examinations light microscopy
In the control ( Figure 1B ) and saline groups ( Figure 1C, D) , neuropil in-between the neurons with euchromatic nuclei demonstrated a normal architecture, with minute numbers of pyknotic cells having an apoptotic appearance in the saline group. There was neither engorgement and stasis in the vessel nor bleeding.
The edema in the neuropil was determined by scattered or widely dispersed separation between the architecture. The edema was mild in the DMSO group ( Figure 1E , F) with scattered separations, while separation in the architecture was incrementing from 6% to 20% EVOH-DMSO groups, with severe separation in the neuropil ( Figure 1G -K). The edema was also severe in NBCA group ( Figure 1L -M).
The predominant cells were neurons with euchromaticnuclei in DMSO group with scarce numbers of pyknotic cells, which is also true for both 6% EVOH-DMSO and NBCA groups with higher numbers of pyknotic cells. However, this figure is varied in case of 20% EVOH-DMSO group, in which normal appearing neurons significantly lost and pyknotic and apoptotic cells dominated the sections.
The bleeding areas and erythrocytes collections in the vessels were mostly seen in the EVOH-DMSO groups, with increasing predominance with concentration.
Cell count results
Statistical analysis of the number of normal neurons, pyknotic neurons and glial cells revealed no difference between saline and control groups. However EVOH-DMSO group had a lower number of normal appearing neuronal cells compared to the control, saline, and NBCA and DMSO groups. This difference in the cell count was apparently proportional to the concentration of EVOH-DMSO and the higher the concentration, the more pronounced the decrease in cell count (Figure 2) . A reverse to the allegory was true for normally appearing cells; as the concentration of the EVOH increased, the pyknotic cell number increased (Figure 3 ). The intergroup differences regarding the number of normally appearing cells, pyknotic cells and glial cells were evaluated with Kruskal-Wallis multiple comparison test and the difference was statistically significant (p<0.001) (Figure 3,4) .
lipid peroxidase activity
All the values for lipid peroxidases were recorded and evaluated for homogeneity of the groups. As the groups were not homogenous, significance of differences between the groups was sequentially analyzed with Kruskal-Wallis Multiple Comparison Test and no significant difference was detected between experimental groups (p>0.05). There was no significant difference among the groups except for significantly increased activity in the NBCA group (0.33±0.04) as compared to all groups except for 20% EVOH-DMSO group (0.29±0.06) ( Figure 5 ).
dISCuSSIon
EVOH-DMSO is an easily injectable embolic material through a micro-catheter. It is composed of three materials; the main component being EVOH for precipitation and formation of a spongy polymer cast, DMSO as the solvent and micronized tantalum powder for radiographic viewing (19, 23) . Being a non-adhesive liquid per se, upon contacting with blood, the solvent (DMSO) dissolves and EVOH precipitates, forming a polymer cast for blocking the blood flow distally, either into aneurysm or AVMs (15) . However, medical application of these materials in management of AVMs may be deceiving in terms NBCA, representing a group of rapidly polymerizing adhesives, has been used in embolization of some vascular diseases (18, 21) . As soon as these agents are injected into the arteries, anions in the blood initiated a series of reactions, leading to a formation of polymer chain. However, toxic effects of these agents, ipso facto NBCA, have been shown on neural tissues and vessel walls, when infused into intravascular lumen (6). The formation and release of acrylacetate and formaldehyde, through the polymerization reactions, was held responsible from these toxic and inflammatory reactions (11).
The aforementioned toxicities were not studied in detail so that which particular component of these mixtures was responsible for these effects is left obscure. Intracarotid administration of DMSO was reported to cause irreversible changes in endothelial and smooth muscle cells, emphasizing the importance of avoiding any inadvertent insults on vessel walls (17) . However, in contrast to these reports, DMSO was also shown to distribute diffusely to whole body, even if applied to the skin or mucosa, and possibly with some antioxidant, antiinflammatory and anti-ischemic properties (7, 9) . Bakar et al. studied the effects of DMSO infusion through the intracarotid route and concluded that the solvent is not toxic to vessels and neuronal tissue and there was no alteration in the blood brain barrier (1).
The neuronal toxicity following intracarotid injection of EVOH was addressed previously in the literature. 
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The lipid peroxidase levels demonstrated no major differences among the groups, excluding NBCA. The results may indicate a positive contribution of DMSO to decreasing free radical formation in the tissues, as the figures did not reach statistically significant values in the groups receiving DMSO, but did so in the NBCA group (18) . These figures are similar to those in the literature (2).
EVOH-DMSO was commercially available in different designations; 18, 20, 34 centipoise and HD 500 with particular concentrations of EVOH; 6%, 6.5%, 8% and 20%, respectively. In practice, concentrations of 6% and 6.5% were mainly used in embolization procedures for AVM's, whereas 20% (HD500) was preferred in the management of aneurysms (19) . From an anatomical perspective, our study may be more specific for AVMs because of the higher risk of observing intracerebral rather than subarachnoid hemorrhage in case of a bleeding. Our results indicated more favorable risks of using lower concentrations of EVOH-DMSO in the management of AVMs in order to alleviate, at least from toxic effect of the agents, irreversible damages by dooming intracerebral bleeding.
ConCluSIon
This study was the first to evaluate the possible toxic effects of embolizing agents and their components on neural tissues. In contrast to current knowledge, the toxic effects of the EVOH-DMSO mixture were majorly incurred and governed by EVOH itself, rather than DMSO. As the risk of intracerebral bleeding is higher in the management of AVMs (compared to aneurysms), safer use of low concentrations of the EVOH-DMSO mixture is advocated. al. showed that there were a concentration-related toxicity in the brain parenchyma following intraarterial injection of high-concentrations (70%) of EVOH, causing destruction in the vessel wall and inherently the blood brain barrier, resulting in brain edema (17) . However, neuronal toxicity was not reported at concentrations used for AVM (6% and 6,5%) or aneurysm embolizations (20%).
In the present study, the results showed that when EVOH and DMSO were administered into brain parenchyma separately, they cause edema, neuronal degeneration and mild apoptosis more than observed in the control groups. The effects on the numbers of pyknotic cells, normally-appearing neurons and glial cell counts were most significantly affected in those receiving the 20% EVOH-DMSO mixture, followed by the 6% mixture and DMSO groups. There was concentrationrelated toxicity with these materials. The most striking finding was neuronal degeneration, mainly caused by the main component, EVOH, itself, rather than its solvent, DMSO.
Regarding NBCA groups, tissue reactions were mostly observed in and around the vascular structures (4). This may suggest the toxic effects of NBCA resulting from both foreign body reactions and from damaged vascular walls (16) . Moreover, these reactions were reported to cause further obliteration in the vessel, per se (12) . Our figures demonstrated similar effects of NBCA with DMSO in terms of numbers of normal-appearing and pyknotic neurons. However this finding was not also true for the glial cells. In fact, the numbers even exceeded those observed in the 20% EVOH-DMSO groups. This finding was also supported by the results of Bakar et al.; indicating NBCA has more toxic activities than DMSO and EVOH-DMSO (6% and 20%). 
